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NATIONAL FOREWORD 

This Indian Standard which is identical with lEC 61683 : 1999 'Photovoltaic systems — Power conditioners 
— Procedure for measuring efficiency' issued by the International Electrotechnical Commission (lEC) was 
adopted by the Bureau of Indian Standards on the recommendation of the Solar Photovoltaic Energy Systems 
Sectional Committee and approval of the Electrotechnical Division Council. 

The text of the lEC Standard has been approved as suitable for publication as an Indian Standard without 
deviations. Certain conventions are, however, not identical to those used in Indian Standards. Attention is 
particularly drawn to the following: 

a) Wherever the words 'International Standard' appear referring to this standard, they should be read as 
'Indian Standard'. 

b) Comma (,) has been used as a decimal marker in the International Standard while in Indian Standards, 
the current practice is to use a point (.) as the decimal marker. 

The technical committee has reviewed the provision of the following International Standard referred in this 
adopted standard and has decided that it is acceptable for use in conjunction with this standard: 

International Standard Title 

lEC 60146-1-1 : 1991 Semiconductor converters — General requirements and line commutated 

converters — Part 1-1: Specifications of basic requirements 

For the purpose of deciding whether a particular requirement of this standard is complied with, the final 
value, observed or calculated, expressing the result of a test, shall be rounded off in accordance with 
IS 2 : 1960 'Rules for rounding off numerical values (revised)'. The number of significant places retained in 
the rounded off value should be same as that of the specified value in this standard. 
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Indian Standard 

PHOTOVOLTAIC SYSTEMS — POWER CONDITIONERS 
— PROCEDURE FOR MEASURING EFFICIENCY 

1 Scope 

This standard describes guidelines for measuring the efficiency of power conditioners used in 
stand-alone and utility-interactive photovoltaic systems, where the output of the power conditioner 
is a stable a.c. voltage of constant frequency or a stable d.c. voltage. The efficiency is 
calculated from a direct measurement of input and output power in the factory. An isolation 
transformer is included where it is applicable. 

2 Normative reference 

The following normative documents contain provisions which, through reference in this text, 
constitute provisions of this International Standard. For dated references, subsequent 
amendments to, or revisions of, any of these publications do not apply. However, parties to 
agreements based on this International Standard are encouraged to investigate the possibility 
of applying the most recent editions of the normative documents indicated below. For undated 
references, the latest edition of the normative document referred to applies. Members of lEC 
and ISO maintain registers of currently valid International Standards. 

lEC 60146-1-1:1991, Semiconductor convertors - General requirements and line commutated 
convertors - Part 1-1: Specifications of basic requirements 

3 Definitions 

For the purposes of this standard, the following definitions apply. All efficiency definitions are 
applied to electric power conversion alone and do not consider any heat production. The 
above normative references contain other definitions. 

In annex A, the definition of power conditioner is given. Power efficiency and conversion 
factor are explained in annex B. 

3.1 

rated output efficiency 

ratio of output power to input power when the power conditioner is operating at its rated 

output 

3.2 

partial output efficiency 

ratio of output power to input power when the power conditioner is operating below its rated 

output 

3.3 

energy efficiency 

ratio of output energy to input energy during an identified period 
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3.4 

efficiency tolerance 

permissible tolerance between the manufacturer's specified efficiency and the measured 

efficiency 

3.5 

PV array simulator 

simulator which has l-V characteristics equivalent to a PV array 

3.6 

no-load loss 

input power of the power conditioner when its load is disconnected or its output power is zero 

3.7 

standby loss 

for a utility interactive power conditioner, power drawn from the utility grid when the power 

conditioner is in standby mode. For a stand-alone power conditioner, d.c. input power when 

the power conditioner is in standby mode 

3.8 

maximum power point tracking (MPPT) 

control strategy whereby the power conditioner input voltage is always at or near the 

maximum power point of the PV array 

4 Efficiency measurement conditions 

Efficiency shall be measured under the matrix of conditions as described in the following 
clauses and table 1. Specific conditions may be excluded by mutual agreement when those 
conditions are outside the manufacturer's allowable operating range. The resulting data shall 
be presented in tabular form and may also be presented graphically. 

NOTE For example, stand-alone power conditioners are typically designed to handle short-term overload signifi- 
cantly above the rated power. The test at 120 % of rated capacity is included to give an indication of the 
performance of the power conditioner under these conditions. Some power conditioners are not designed to 
provide more than their rated output and might be damaged if operated at 120 % of rated capacity. In such cases, 
test documentation shall note that the test was excluded due to limitation in the power conditioner. 

4.1 DC power source for testing 

For power conditioners operating with fixed input voltage, the d.c. power source shall be a 
storage battery or constant voltage power source to maintain the input voltage. 

For power conditioners that employ maximum power point tracking (MPPT) and shunt-type 
power conditioners, either a photovoltaic array or a photovoltaic array simulator shall be 
utilized. 

4.2 Temperature 

All measurements are to be made at an ambient temperature of 25 °C ± 2 ''C. Other ambient 
temperatures may be allowed by mutual agreement. However, the temperature used must be 
clearly stated in all documentation. 

4.3 Output voltage and frequency 

The output voltage and frequency shall be maintained at the manufacturer's stated nominal 
values. 
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Table 1 - Efficiency recording sheet 



Input voltage: 



.(±. 



.V) 



Total toad, % of rated VA 


5 


10 


25 


50 


75 


100 


120 


Grid-connected 


Resistive load 


- 


0* 















Stand-alone 


Resistive load 























Reactive load 
PF = 0,25 or minimum 
PF = 0,50 (> minimum) 
PF = 0,75 (> minimum) 


- 


- 










- 




- 


Non-linear load 

NL = 25 % of rated VA 

NL = 50 % of rated VA 


- 


- 







- 




- 


Complex load 


- 


- 


- 




- 




- 


* The symbol () denotes a condition to be tested. 



4.4 Input voltage 

Measurements performed in each of the following tests shall be repeated at three power 
conditioner input voltages: 

a) manufacturer's minimum rated input voltage; 

b) the inverter's nominal voltage or the average of its rated input range; 

c) 90 % of the inverter's maximum input voltage. 

In the case where a power conditioner is to be connected with a battery at its input terminals, 
only the nominal or rated input voltage may be applied. 

4.5 Ripple and distortion 

Record input voltage and current ripple for each measurement. Also record output voltage and 
current distortion (if a.c.) or ripple (if d.c). Ensure that these measurements remain within the 
manufacturer's specified values. Note that ripple and distortion may not be specified at low 
power levels, but readings shall be recorded. 

4.6 Resistive loads/utility grid 

At unity power factor, or at the intrinsic power factor of grid-connected inverters without power 
factor adjustment, measure the efficiency for power levels of 10 %, 25 %, 50 %, 75 %, 100 % 
and 120 % of the inverter's rating. Stand-alone inverters shall also be measured at a power 
level of 5 % of rated. The power conditioner test should be conducted with a specified 
resistive and reactive grid impedance. 



4.7 Reactive loads 

For stand-alone inverters, measure the efficiency with a load which provides a power factor 
equal to the manufacturer's specified minimum level (or 0,25, whichever is greater) and at 
power levels of 25 %, 50 % and 100 % of rated VA. Repeat for power factors of 0,5 and 0,75 
(do not go below the manufacturer's specified minimum PF) and power levels of 25 %, 50 %, 
and 100 % of rated VA. 
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4.8 Resistive plus non-linear loads 

For stand-alone inverters, measure the efficiency witii a fixed non-linear load (total harmonic 
distortion (THD) = (80 ± 5) %) equal to (25 ± 5) % of the inverter's rated VA plus sufficient 
resistive load in parallel to achieve a total load of 25 %, 50 % and 100 % of rated VA. Repeat 
the measurements with a fixed non-linear load equivalent to (50 ± 5) % of the inverter's 
rated VA plus sufficient resistive load in parallel to achieve a total load of 50 % and 100 % 
of rated VA. The type of non-linear load must be clearly stated in all documentation. 

4.9 Complex loads 

When a non-linear plus a sufficient reactive load condition is specified for stand-alone inverters, 
measure the efficiency with a fixed non-linear load (THD = (80 ± 5) %) equal to (50 ± 5) % of 
the inverter's rated VA plus a sufficient reactive load (PF = 0,5) in parallel to achieve a total 
load of 50 % and 100 % of rated VA. The type of complex load shall be clearly stated in all 
documentation. 

5 Efficiency calculations 

5.1 Rated output efficiency 

Rated output efficiency shall be calculated from measured data as follows: 

rjR-(Po//^)x100 (1) 

where 

/Jp is the rated output efficiency (%); 

pQ is the rated output power from power conditioner (kW); 

Pj is the input power to power conditioner at rated output (l<W). 

NOTE Any auxiliary input power (I^W), such as for the inverter's control system (or gate driver) shall be included 
in Pi in equation (1). 

5.2 Partial output efficiency 

Partial output efficiency shall be calculated from measured data as follows: 

^par=(Pop/^p)x100 (2) 

where 

;jp3r is the partial output efficiency (%); 

Pqp is the partial output power from power conditioner (l<W); 

Pjp is the input power to power conditioner at partial output (kW). 

NOTE Any auxiliary input power (kW) such as for the inverter's control system (or gate driver) shall be included 
into Pi in equation (2). 
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5.3 Energy efficiency 

Energy efficiency shall be calculated from measured data as follows: 

rjE-(lVo/W/i)x100 (3) 

where 

/|e is the energy efficiency (%); 

tVo is the output energy during a specified operating period (kWh); 

W\ is the input energy during a specified operating period (kWh). 

NOTE 1 The operating period and the load profile shall be determined by mutual agreement between user and 
manufacturer. 

NOTE 2 Some auxiliary input energy (kWh) such as for the inverter's control system (or gate driver) shall be 
included in Wt in equation (3). 

NOTE 3 See annex C for an explanation of weighted-average energy efficiency r|wt which can supplant the energy 
efficiency. 

5.4 Efficiency tolerances 

When an efficiency value has been guaranteed, the tolerance of this value shall be within the 
value at rated conditions indicated in table 2. 

Table 2 - Efficiency tolerances 



Item 


Tolerance 


Remarks 


Efficiency of power conditioner 


-Q2{^-n)n{%) 


n ; guaranteed efficiency 


NOTE The efficiency tolerance is derived in annex D. See 4.3 of lEC 60146-1-1, The tolerance corresponds 
to +0,2 per unit of the losses with a minimum efficiency tolerance of -0,002 per unit. 



6 Efficiency test circuits 

6.1 Test circuits 

Figure 1 shows recommended test circuits for power conditioners which have a single-phase 
a.c. output or d.c. output. It can as well be regarded as a single-phase representation of a test 
set-up for multiphase power conditioners. 

Figures 1a and 1b shall be applied to stand-alone and utility-interactive power conditioners 
respectively. 

The proposed test circuits in figure 1 are not mandatory, but together with the test descrip- 
tions, are intended to establish a base for mutual agreement between user and manufacturer. 



The type of power source shall be indicated on all tests and shall adhere to the requirements 
of 4.1. 
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6.2 Measurement procedure 

a) Efficiency is calculated with equation (1) or (2) using measured Pj, Pq or P\p, Pop. DC input 
power Pj, Pjp can be measured by wattmeter Wi. or determined by multiplying the d.c. 
voltmeter Vi and d.c. ammeter Ai readings. Output power Pq, Pop is measured with 
wattmeter W2. 

b) DC input voltage, which is measured by d.c. voltmeter Vi^, shall be varied in the defined 
range where the output current, which is measured with ax. ammeter A2, is varied from 
low output to the rated output, 

c) An average indicating instrument shall be used for the d,c. voltmeter and d.c, ammeter. A 
true r.m.s. type of indicating instrument shall be used for the ax. voltmeter and ax. 
ammeter. The dx. wattmeter W>| shall be a dx, measuring type. The wattmeter W2 shall 
be an ax. or dx. measuring type according to the output. 

d) Power factor (PP in per cent) can be measured by a power factor meter PF, or calculated 
from the readings of V2, A2, W2 and as follows: 

PF-(W2/(V2XA2))x100 (4) 

e) Each meter may be an analogue type or a digital type. The measurement accuracy shall 
be better than ±0,5 % of the full-scale value for each power measured. Digital power 
instruments for W^ and W2 are also recommended. 

f) An MPPT dynamically adjusts the input voltage so as to maximize the output power. In 
principle, the monitoring equipment shall sample all of the electrical parameters, such as 
input voltage and current, output power and current, within the update period of the MPPT. 
If the MPPT and input source (PV array or PV array simulator) interact in such a way that 
the input voltage varies by less than 5 %, then averaging of readings is acceptable. The 
averaging period shall be 30 s or longer. 

7 Loss measurement 

7.1 No-load loss 

No-load loss shall be measured as follows. 

If the power conditioner is a stand-alone type, the reading of dx. input voltage, output voltage 
and frequency is given with meters V>|, V2 and F respectively in figure 1a, and shall be 
adjusted to the rated values. 

The no-load loss is thus the indicated value of d.c. input wattmeter, W^, when the load is 
disconnected from the power conditioner. 

If the power conditioner is a utility-interactive type, the reading of d.c. input voltmeter V^, a.c. 
output voltmeter V2 and frequency meter F in figure 1b shall be adjusted to meet the specified 
voltages and frequency. 

No-load loss is thus the indicated value of d.c. input wattmeter, Wi, when a.c. wattmeter, W2, 
indicates a zero value. For the measurement, allow the power conditioner time to transfer to 
its no-load operating state, if applicable. 
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7.2 Standby loss 

Standby loss shall be measured as follows. 

If the power conditioner is a utility-interactive type, standby loss is defined as the consumption of 
utility power when the power conditioner is not operating but is under standby condition. 
Standby loss is indicated with a.c. wattmeter, W2 in figure 1b at the rated a.c. output voltage. 

If the power conditioner is a stand-alone type, standby loss is defined as the consumption from 
the do. source when the power conditioner is not operating but is under standby condition. 
Standby loss is indicated with d.c. wattmeter, Wi in figure 1a (without a.c. or dx. output voltage). 




Figure la - Stand-alone type 



Utility 
grid 




PC power conditioner 

PS variable voltage-current d,c. power supply 

A^ DC ammeter 

A2 AC or d.c. ammeter 

Wi DC wattmeter 

W2 AC or d.c. wattmeter 



Figure lb - Utility-Interactive type 
L load 



F frequency meter 

Vi DC voltmeter 

V2 AC or d.c. voltmeter 

PF power factor meter 



NOTE 1 The dx. input voltage or current ripple will vary according to the d.c. power supply's internal impedance, 
and should be defined by mutual agreement between user and manufacturer. For example, the impedance might be 
selected as the current-voltage ratio AV/M at the operating point on the PV array l-V curve. When the power 
conditioner includes the MPPT, a PV array simulator is recommended as the d.c. power source. 

NOTE 2 Frequency meter F* and power factor meter PF* are ignored in the case of d.c. output. 

Figure 1 - Power conditioner test circuits 

7 
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Annex A 
(informative) 

Power conditioner description 



A power conditioner is defined in lEC 61277. 

Some types of pliotovoltaic system configurations relate to tiieir purpose and size. Figure A.1 
siiows tiie generic system configuration proposed in lEC 61277. In figure A.I, the power 
conditioner (PC) is inside the dotted line. The power conditioner may consist of one or more 
of the following: d.c. conditioner, d.c./d.c. interface, inverter, a.c./a.c. interface, a.c. utility 
interface, and a part of master control and monitoring (l\/ICM) subsystem. The power flows are 
indicated by the arrows. When a PV system has a d.c. storage subsystem, it is assumed that 
the storage is connected to the input of the power conditioner in parallel with the array (see 
figures A. 2 and A. 3). 

Under normal conditions, the power conditioner a.c. output voltage and frequency are 
constant value when the system is connected to the utility grid (in a utility-interactive type) or 
to the a.c. loads (in a stand-alone type). However, when a.c. loads consist of pumps or 
blowers with variable speed induction motors, the a.c. voltage and frequency may be variable. 



In this standard, systems with a constant a.c. output voltage and frequency as well as 
systems with a d.c. output are discussed. Figures A. 2 and A. 3 show the configuration of the 
PV system and the power conditioner described in this standard. 



(PC) 

^Qwer conditioner 



Master control and monitoring (MCM) 



Inverter 




DC storage 
device 



AC/AC 
interface 



AC utility 
interface 



Auxiliary DC 
d.c. supply load 



Auxiliary AC 
a.c. supply load 



AC 

utility 



Figure A.I - Major subsystems and power flow diagram for a PV system 



IS/IEC 61683 : 1999 



(PC) 
Power conditioner 



Master control and monitoring (MCM) 



PV an-ay 



DC storage 
device 



Inverter 



AC/AC 
interface 



AC Utility 
interface 



AC 
load 



AC 
utility 



Figure A.2 - Power conditioner configuration with a.c. output assumed for 
the efficiency measurement 



(PC) 
Power conditioner 



PV an^ay 



Master control and monitoring (MCM) 



DC 

conditioner 



DC/DC 

interface 



DC storage 
device 



DC 
load 



Figure A. 3 - Power conditioner configuration with d.c. output assumed for 
the efficiency measurement 
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Annex B 
(informative) 

Power efficiency and conversion factor 

There are two types of efficiencies siiown in lEC 60146-2; one is a power efficiency, tiie otiier 
is a conversion factor. Power efficiency is defined as tiie ratio of active output power and 
active input power. Conversion factor is tiie ratio between output and input fundamental 
power levels. The formulae for these two parameters: 



^P-(PaAc/PaDc}x100 (%) 

nc-{f='fAciPiDc)x^oo (%) 

where 

r]p is the power efficiency; 

^aAC is the a.c. active power; 

'^aDC is the d.c. active power; 

;Jq is the conversion factor; 

Pffi^Q is the a.c. fundamental power; 

PfOc is the d.c. mean power (mean voltage x mean current). 

Active power Pa is calculated as 



Pa^jj^^mmt or ^jllpim 



where 

v(t) is the time-varying voltage; 
p(t) is the time-varying power; 
i{t) is the time-varying current; 
T is the duration of one cycle. 

The difference between the above two efficiencies is due to the evaluation of the harmonic 
components. lEC 60146 unifies them into power efficiency. Their differences depend on their 
voltage and current waveforms as shown in table B.I and are only meaningful in case 5. 
Considering the purpose of lEC standards and the illustration in table B.I, the power 
efficiency is used as the efficiency of power conditioners. 

As shown in table B.1, case 1 or case 4, the difference between t;^ and rjp Is only 0,1% when 
the d.c. voltage and current ripple are 10 %pp, or when a.c. 5th r.m.s. voltage content is 2 % 
and the 5th current content is 5 %. This means that the conversion factor is practicaliy the 
same as the power efficiency. It shall, however, be noted that in the case of a square wave, 
as in case 5, the power efficiency shall be used because the difference is large, I.e., 
/]c/^p^0,81. 

The integration time (duration of one cycle) T shall be 30 s or more and the resultant mean 
power efficiency value shall be used as the efficiency of the power conditioner. 
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Annex C 

(informative) 

Weighted-average energy efficiency 

The energy of a power conditioner depends on both the irradiance profile and the load profile. 
The energy efficiency of a power conditioner shall be calculated by the ratio of the output to 
the input energy actually measured over a certain period (such as a month or a year). 

For reference, a method of estimating the energy efficiency using a weighted-average energy 
efficiency is described. 

The weighted-average energy efficiency, q^j is calculated as the sum of the products of 
each power level efficiency and related weighting coefficient. 

When the system is a utility-interactive type without a storage subsystem, the weighting 
coefficients depend on a regional irradiance duration curve. 

When the system is a stand-alone type with a storage subsystem, the weighting coefficients 
depend on the load duration curve. 

Clauses C.I and C.2 show the calculation procedures for for utility-interactive systems 

and stand-alone systems. 

C,1 ijwi of power conditioner for utility-interactive PV systems 

Utility-interactive PV systems, which have no storage and for which, reverse-power flow is 
accepted, are described. In this case, d.c. power generated by the PV array is supplied direct 
into the power conditioner (PC). Almost all of the input power to the PC is converted to a.c. 
power. A part of it is dissipated as the PC loss. 

The weighted-average energy efficiency, rj^j, is an index to evaluate annual energy 
efficiency in which a weighting coefficient, Kj, is used for each input power level. Here, the 
irradiance is divided into several discrete levels. By using a duration time T\, d.c. input power 
level, P|i^ output power level, pQi, and PC efficiency, rj;, for each level i, rjwT '^ defined as 
follows: 

J,^i r, ' Pii r,^ • • +p,, T, (C.1) 

where 

and 

J^Kj^l and i-1,2,3 



If the irradiance duration curve is given as shown in figure 0.1, equation (0.1) can be 
rewritten as follows: 
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^h 272 373 47-4 

^WT = -^ ^1/4 + -^r— nZA + 7— ns/A + ^^ ^4/4 ^ Her 

'WT 'WT 'WT 'WT 

TwT ^ ^h + 272 + ^'''a + 474 



(C.2) 



where //^p is the specified energy efficiency; 

i]i 4 , ... is the power conditioner efficiency when its dx, input power is 1/4,... of 
the rated value respectively. 



4/4 



§ 3/4 

a> 
S 2/4 

CD 

-^ 1/4 



< >j< >i< >l< 
T4 T3 T2 Ti 

Duration 
Figure C.I - An example of an irradiance duration curve 



C.2 r|WT of power conditioner for stand-alone PV systems 

In stand-alone PV systems with a storage subsystem, power generated from the PV array is 
stored and stabilized by the batteries. DC power is converted into regulated d.c. power or 
constant-voltage and constant-frequency a.c. power by a power conditioner (PC) and supplied 
to the load. In this case, some fraction of the generated power is dissipated as a loss in the 
batteries and power conditioner. 

The calculation of the weighted-average energy efficiency, Hwi, for stand-alone PV systems 
requires weighting coefficients for respective load levels. 

By using a load duration time 7i, d.c, input power Py, a.c. output power Po\ and PC efficiency 
for respective load level ;jj, rj^^j is defined as follows: 



'fWT - 



X'^Oi ^i X'^OI ^1 + •" +^0n 7-n 



1 



Kq + K^/n^ + ■ +Kn/r7n 



(C.3) 
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'<0 ^PiO'TofJ^iPoiT;) 



(C.4) 



where 

Pio is the no-load loss. 



If the load profile and its duration curve are given as shown in figures C.2 and C.3, 
equation (C.3) can be rewritten as follows: 



HwT -- 



1 



-Her 



(C.5) 



Kq + ir, / T"wT I^VA + 272 / TVvT f^2/4 + 373 ^ 7"wT /'?3/4 + 474 / ^VvT ^^4/4 

where 

)7er is the specified energy efficiency; 

/Ji/4» ...is the power conditioner efficiency when the load is 1/4,... of the rated value 
respectively. 

4/4 I- 



3/4 ^ 



i 2/4 

O 



1/4 - 



J_ 



_L 



6 12 18 24 

Time 

Figure C.2 - An example of a load profile 
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Figure C.3 - An example of a load duration curve 
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Annex D 

(informative) 

Derivation of efficiency tolerance in table 2 



The guaranteed efficiency, n. is 



wiiere 

Fr is tine rated output power; 

P\_ is tine guaranteed loss. 



n- ^ 



Pp+a 



From lEC 60146-1-1, 4.3.3, loss, Pl, the allowance shall be +0,2 per unit. In this case, the 
efficiency, n". is given by: 



Fk +1.2/1 
Therefore, the tolerance T}' — rf is derived as: 

^'_^= ^ ;,. ^ rj = L ^ 

/^+1,2fL /^+1,2(1/r7-1)fl, 1 + 1.2(1/77-1) 



rj + 1,2{1-rj) '7 + 1,2(1-r7) -0,2tj + 1,2 

-0,2 + 0,2n -1+n 
= n^r7i 777 = 1 



-0,2r?+1,2 -r? + 6 
>-n(1-f7)/5(v;j<1). 

Finally, the tolerance is given by the following equation: 

J7'-r, = -0.2(1-j7)fj(%) 



15 



Bureau of Indian Standards 

BIS is a statutory institution established under the Bureau of Indian Standards Act, 1986 to promote 
harmonious development of the activities of standardization, marking and quality certification of 
goods and attending to connected matters in the country. 

Copyright 

BIS has the copyright of all its publications. No part of the these publications may be reproduced in 
any form without the prior permission in writing of BIS. This does not preclude the free use, in the 
course of implementing the standard, of necessary details, such as symbols and sizes, type or grade 
designations. Enquiries relating to copyright be addressed to the Director (Publications), BIS. 

Review of Indian Standards 

Amendments are issued to standards as the need arises on the basis of comments. Standards are 
also reviewed periodically; a standard alongwith amendments is reaffirmed when such review indicates 
that no changes are needed; if the review indicates that changes are needed, it is taken up for revision. 
Users of Indian Standards should ascertain that they are in possession of the latest amendments or 
edition by referring to the latest issue of 'BIS Catalogue' and 'Standards: Monthly Additions'. 

This Indian Standard has been developed from Doc No.: ETD 28 (6026). 

Amendments Issued Since Publication 



Amend No. 



Date of Issue 



Text Affected 



BUREAU OF INDIAN STANDARDS 



Headquarters: 

Manak Bhavan, 9 Bahadur Shah Zafar Marg, New Delhi 110002 

Telephones: 2323 0131, 2323 3375, 2323 9402 Website: www.bis.org.in 

Regional Offices: 

Central Manak Bhavan, 9 Bahadur Shah Zafar Marg 

NEW DELHI 110002 



Telephones 

2323 7617 
2323 3841 



Eastern 



1/14 C.I.T. Scheme VII M, V.I. P. Road, Kankurgachi 
KOLKATA 700054 



2337 8499,2337 8561 
2337 8626,2337 9120 



Northern 



SCO 335-336, Sector 34-A, CHANDIGARH 160022 



260 3843 
[ 260 9285 



Southern 



C.I.T. Campus, IV Cross Road, CHENNAI 600113 



2254 1216.2254 1442 
2254 2519.2254 2315 



Western 



Manakalaya, E9 MIDC, Marol, Andheri (East) 
MUMBAI 400093 



2832 9295. 2832 7858 
2832 7891,2832 7892 



Branches AHMEDABAD. BANGALORE. BHOPAL. BHUBANESHWAR. COIMBATORE. DEHRADUN. 

FARIDABAD. GHAZIABAD. GUWAHATI. HYDERABAD. JAIPUR. KANPUR. LUCKNOW. 
NAGPUR. PARWANOO. PATNA. PUNE. RAJKOT. TH IRU VANANTHAPURAM. 
VISAKHAPATNAM. 






PRINTED BY GENERAL MANAGER, GOVT. OF INDIA PRESS, NASHIK-422 00b 



